Hepatitis B e (HBe) seroconversion is frequently accompaThe aim of this study was to further analyze the geographic and genotypic relatedness of nt 1858 variants. To do this we nied by the emergence of a GjA mutation at nt 1896 in the precore region, which prevents the production of HBe antigen developed a new genotyping method based on analysis of restriction fragment length polymorphism (RFLP) of an S gene (HBeAg) by introducing a premature stop codon (TAG) [1, 2] .
Hepatitis B e (HBe) seroconversion is frequently accompa-
The aim of this study was to further analyze the geographic and genotypic relatedness of nt 1858 variants. To do this we nied by the emergence of a GjA mutation at nt 1896 in the precore region, which prevents the production of HBe antigen developed a new genotyping method based on analysis of restriction fragment length polymorphism (RFLP) of an S gene (HBeAg) by introducing a premature stop codon (TAG) [1, 2] . The evolution of this mutation depends upon the nucleotide at amplicon. RFLP of polymerase chain reaction (PCR) products has been position 1858 [3 -6] , which forms a base pair with nt 1896 in the pregenomic RNA loop [7 -9] . nt 1858 may be either a used for genotyping hepatitis C [14, 15] , but for hepatitis B, it has been used only for typing that relates restriction patterns thymine (T-1858), as in CCT, or a cytosine (C-1858), as in CCC, for proline in precore codon 15 (nt 1856 -1858). U-1858 to serotypes [16] . Primer-specific PCR [17, 18] and amplicon size polymorphism [3] have also been used for genetic typing (i.e., T-1858 in DNA) can form a base pair with both G-1898 and A-1896 and, therefore, allows a GjA mutation at nt 1896.
of HBV, but to our knowledge, no method that identifies all genotypes has been described. Genotypes of HBV were first In C-1858 strains, this mutation does not develop because, presumably, it destabilizes the loop and thus impairs its funcdescribed by Okamoto et al. [19] , who classified genotypes A -D on the basis of a nucleotide divergence of the whole genome tions [3, 6] . This restriction of the development of precore mutations is likely to be of pathogenic importance, since in a of §8% [19] . Two additional genotypes, E and F, have subsequently been described [20 -23] ; however, there are conflicting recent study we found that carriers infected with C-1858 strains showed more severe liver damage than those infected with Tdata regarding the existence of genotype E [24] . In this study, we used 73 HBV gene bank sequences for 1858 strains [10] .
The low prevalence of the TAG mutation in carriers of northphylogenetic tree construction and prediction of RFLP corresponding to the respective genotypes. We analyzed serum samern European origin has been explained by the presence of cytosine at nt 1858 in hepatitis B virus (HBV) of genotype A, ples from 187 HBeAg-positive carriers of diverse origin, establishing the accuracy of the method and relating nt 1858 variants which is the most common genotype in this region [3] . C-1858 strains are also rather common in the Hong Kong area, to genotypes and geographic origin. appearing as CCC or TCC (encoding serine) at precore codon 15 [11 -13] . We previously found C-1858 mainly in northern Methods Europeans but also in some carriers from Africa, the Middle East, and Southeast Asia [5, 10] . 3; figure 2 ), was found in 87% (13/15) of the NCBI sequences. PCR product (10 mL) was mixed with 1 mL (5 U) of Tsp509I
The geographic origin of these sequences was usually not re-(New England Biolabs, Beverly, MA), 1.5 mL of 101 buffer, ported. Of note, however, a number of genotype A sequences and 2.5 mL of water and then incubated at 65ЊC for 3 h. In a emanated from outside northern Europe: M54898 from Taiwan, separate reaction, PCR product (10 mL) was mixed with 0.5 mL M57663 from the Philippines, X69458 from Zimbabwe, and (5 U) of HinfI (Boehringer Mannheim), 1.5 mL of 101 buffer, X65258 probably from Italy. and 3 mL of water and incubated at 37ЊC for 3 h. After incubation, the samples were run on a composite gel containing 2%
The geographic origin in relation to genotype and precore NuSieve agarose (FMC BioProducts, Rockland, ME) and 1% codon 15 are shown in figure 3 . Pattern A1 was observed in standard agarose. PCR product (10 mL) mixed with 1.5 mL of all but 1 of the 44 patients who carried genotype A HBV. 101 buffer and 3.5 mL of water but no restriction enzyme were Twenty-four of these patients were from northern Europe (22 run parallel with the enzyme-treated samples. DNA was visualfrom Sweden), 1 from the former Yugoslavia, 1 from the ized by ethidium bromide staining. The restriction patterns were United Arab Emirates, 4 from West Africa, 4 from East Africa, read visually.
8 from China or Vietnam, and 2 from the Philippines. The
In some cases, further processing was done by incubation of finding of genotype A in Chinese and Vietnamese carriers was the 10 mL of PCR product with 1 mL (5 U) of BsrI, 1.5 mL of 101 surprising. Further analysis of these samples using BsrI, howbuffer, and 2.5 mL of water at 65ЊC, followed by electrophoresis as ever, produced a pattern typical for genotype A (see below), described above.
thus supporting this classification. Of note, 5 of these 8 carriers
Analysis of precore codon 15. The primers used are described in table 1. In 93 cases, codon 15 had been analyzed in were members of the same family.
previous studies using allele-specific PCR and amplificationAll genotype B NCBI sequences had a Tsp509I site at nt created restriction site (ACRS) methods [5, 10] . The remaining 480 but not at nt 589, yielding a characteristic 316-bp fragment.
samples were analyzed regarding nt 1858 using the same techThree combined patterns, B1, B2, and B3, could be predicted niques, with a few modifications. First we applied allele-specific and were then observed in 29 of the 32 patient samples classi-PCR with primers P3 and P6 and P4 and P6 in parallel amplifified as genotype B. All but 1 of these 32 patients were East cations, run for 10 cycles at an annealing temperature of 60ЊC, Asians (27 from Vietnam, 2 from Indonesia, 1 from China, 1 followed by 30 cycles at 55ЊC. In 11 samples that were PCRfrom the Philippines). The remaining patient was a Swedish negative by this method, nt 1858 was determined by ACRS man who probably was infected sexually during travels in using primers P1 and P5, followed by incubation with EcoNI, which specifically detects CCT at precore codon 15 (T-1858).
Southeast Asia.
/ 9d2a$$ju05
04-23-97 19:54:01 jinfas UC: J Infect NOTE. Primers P1 -P6 were used for analysis of precore codon 15. P2 and P5 carry mismatches (underlined) to enable detection of codon 15 variants by ACRS (amplification-created restriction sites). P3 and P4 were used in allele-specific polymerase chain reaction analysis of nt 1858. P7 and P8 amplify S gene fragment and were used for genotyping.
* From unique EcoRI site. † S Å sense; AS Å antisense. ‡ A/T and A/C indicate mixture of A and T and A and C, respectively, at these primer positions.
All genotype C NCBI sequences had a unique HinfI site at All four NCBI sequences representing genotype E gave one restriction pattern, E1, which was also found in serum samples nt 633, creating a characteristic HinfI pattern (H4), which also was observed in 31 of 34 of genotype C patient samples. Most from 3 African carriers (from the Gambia, Sierra Leone, and Togo). In these samples, BsrI incubation confirmed that the NCBI sequences produced the combined pattern C1. This pattern was found in 10 (29%) of the patient samples (7 from pattern did not represent genotype D (i.e., was not D3). Korea, 2 from China, 1 from Sweden). Only two NCBI se-
The four NCBI sequences representing genotype F produced two patterns, F1 and F2. Pattern F1 was observed in 1 serum quences produced pattern C2. However, this pattern was found sample, the only sample of South American origin, which was in most (21 [62%]) of the patient samples (10 from Vietnam, drawn from a boy from Colombia. 4 from Thailand, 3 from Laos, 1 from Malaysia, 1 from Cambodia, 2 from Sweden).
Fourteen serum samples in which HinfI and Tsp509I had produced unpredicted patterns were incubated with BsrI (figure Three carriers, a Japanese woman and her 2 children, 2B). The results were compared with the RFLP prediction from produced an unpredicted pattern that could be deduced to analysis of the 73 database sequences, which had shown that result from a shift from an HinfI to a Tsp509I site at nt 529
BsrI produced 295-and 246-bp bands in 87% of genotype A (GAATC r GAATT), thus representing an atypical genotype and 50% of genotype E, 469-and 72-bp bands in 100% of C pattern ( figure 2B the genotyping strategy, establish its accuracy, and predict fragThere has been debate about whether genotype E is a separate genotype [24] . The phylogenetic tree created by DNA distance ment lengths.
In 166 of the 180 PCR-positive patient samples (92%), the matrix comparison of the S gene in 73 NCBI sequences in this study supports the view of Norder et al. [21, 22] , who classify E genotype was identified by 1 of 10 easily recognized major RFLP patterns. Genomic typing of HBV based on RFLP [16] and F as distinct genotypes. Further data on sequences of African and South American origin are, however, needed to define genoand the use of type-specific primers has been described [17, 18] , but the relation between patterns and genotype has not types E and F more properly and to establish that the genotyping method presented here is sufficient to identify all or most of the been established, and no large-scale study has supported their accuracy. One stringent method for partial genotyping (identistrains belonging to these genotypes. A few RFLP patterns were found to be of particular interest. fying genotypes A, D, and non-A, non-D) has also been presented [3] . Thus, this is the first simple method for HBV genoWithin genotype C, all the carriers from Northeast Asia produced pattern C1, and those from Southeast Asia produced typing that can identify all known genotypes.
Some of the nucleotide variations that are critical for the pattern C2. Within genotype D, pattern D1 was found in carriers from India, Africa, southern Europe, and Sweden, and D2 RFLP typing correspond to previously recognized subtype-specific alterations of amino acids 67 (d/y), 110 (w/r), 160 (w/ was found in all carriers of Middle Eastern origin. This indicates that HBV prevalent in Swedish intravenous drug users r), and 178 (dw4). However, the detectable genotype-specific differences at codons 125 and 146 are silent, the latter distinoriginates from India, Africa, or southern Europe but not from the Middle East. guishing genotype A from B by a Tsp509I site at nt 590 -593.
Genotype A was found mainly in northern European and In 14 samples, atypical or unpredicted patterns were observed. By deduction from the produced pattern and by addiAfrican carriers, B and C in East Asian carriers, D in Middle Eastern, northern African, and southern European carriers, E tional analysis of the PCR fragment using BsrI, 1 of them was classified as genotype A, 3 as genotype B, and 3 as genotype in African carriers, and F in the only South American carrier. This observed relatedness between genotype and geographic C. Seven could not be typed with certainty (most originating from Southeast Asia). It is not surprising that samples from this origin is in agreement with previous data [21] . precore mutants rarely are found in carriers of northern European origin, who usually carry genotype A. We found C-1858 strains in 61% (25/41) of northern European carriers, but we also found these strains in 12% of East Asian carriers (10/80; 8 genotype C, 2 genotype A), 3% (1/39) of Middle Eastern carriers, 50% (8/16; all genotype A) of African carriers, and in the only South American carrier (genotype F). Within genotype C, we observed C-1858 in none of 10 carriers with RFLP pattern C1 but in 38% (8/21) with C2 (i.e., only in carriers from Southeast Asia). Thus, the emergence of the precore TAG mutation is prevented by C-1858 not only in northern Europeans, but also in a significant proportion of South American, African, and Southeast Asian carriers. table 3 . Each sample is run in 3 lanes: 1, with untreated PCR product; 2, incubated with HinfI; 3, with Tsp509I. B, Unpredicted or atypical patterns were found in 14 samples. Patterns AX, BXi, BXii, and CX were found in 1, 1, 2, and 3 patients, respectively; patterns UT1, UT2, and UT3 were found 3, 3, and 1 patient, respectively, and were not typeable.
area produced unpredicted patterns, as relatively few sequences A correlation between genotype A and cytosine at nt 1858 has polymorphism (RFLP) method (A) and 49 sequences from National previously been reported [3, 6] . C-1858 prevents the evolution of The appearance of C-1858 in eight sequences of genotype C but not in genotype B (both prevalent in East Asia) is notable. In three of these cases, C-1858 was part of a TCC at codon 15, which seems to be a variant of genotype C rather than a mutation. The importance of this variant for the observed absence of the TAG mutation in some HBeAg-negative carriers from the Hong Kong area has been described [11 -13] .
In vitro studies by Li et al. [3] did not indicate a replicative advantage of C-1858 over T-1858 strains. Thus, further study of potential biologic differences between C-1858 and T-1858 strains is needed to determine if there is a driving force for the evolution of C-1858 strains that compensates for the reduced capability of immunologic escape through the precore TAG mutation.
At present, the clinical value of genotyping is uncertain. Our previous data associating C-1858 strains with more severe liver damage [10] , a Japanese study showing that liver disease is more common in carriers with adr (genotype C) than in those with adw (mainly genotype B in Japan) [27] , and the recent report that patients infected with genotype A (C-1858) responded better to interferon therapy than those with non-A genotypes (T-1858) [28] do, however, indicate that genotyping may be of clinical importance.
In summary, we have reported a new method for genotyping HBV and shown a phylogenetic analysis of 73 HBV gene bank sequences supporting the existence of genotypes A -F. We have also shown how geographic origin is related to genotype Asian origin, thus explaining reported geographic variations of genotyping method (7 serum samples produced patterns that could the prevalence of the precore TAG mutation. This genotyping not be typed, and 7 were negative by polymerase chain reaction method should be useful for epidemiologic investigations and [PCR] ). B, Geographic distribution of precore codon 15 in 185 HBeAg-positive carriers (2 samples were negative by PCR).
for analyzing the potential influence of genotype on the course of HBV infection. The strategy for developing the method by phylogenetic analysis and RFLP prediction using gene bank sequences is suitable for the genotyping of any microorganism. We have previously described that precore TAG mutants may develop in some northern European carriers, mainly those infected with T-1858 strains [10] . This study shows that most northern Europeans with T-1858 carry genotype D, which in
